Physical activity (PA) 
Introduction
Approximately one in ten young people currently have a mental health disorder in the United Kingdom (Green, McGinnity, Meltzer, Ford, & Goodman, 2004) and the United States (Merikangas et al., 2010) . Physical activity has beneficial effects on psychological wellbeing in children and young people (Harden et al., 2001; Ussher, Owen, Cook, & Whincup, 2007) . Reduced levels of anxiety, depression, and behavioural problems and higher self-esteem are reported in children and adolescents who are physically active (Calfas & Taylor, 1994; Ekeland, Heian, & Hagen, 2005; Gruber, 1986; Larun, Nordheim, Ekeland, Hagen, & Heian, 2006; Mutrie & Parfitt, 1998; ) and these associations are more marked for boys than girls (Sagatun, Sogaard, Bjertness, Selmer, & Heyerdahl, 2007; Sebire et al., 2011) .
Conversely, less is known about the psychological influences on physical activity or sedentary time at a population level, although selfesteem and physical self-perceptions are important for motivation and involvement in physical activity (Biddle & Armstrong, 1992; Crocker, Eklund, & Kowalski, 2000; Raustorp, Mattsson, Svensson, & Stahle, 2006) . There is growing, albeit limited, evidence from cross-sectional studies that internalising problems are associated with lower, and externalising problems with higher, levels of physical activity (Brodersen, Steptoe, Williamson, & Wardle, 2005; Gosmann et al., 2015; van EgmondFrohlich, Weghuber, & de, 2012) . Evidence linking internalising problems like depression (Stavrakakis, de Jonge, Ormel, & Oldehinkel, 2012; Van Der, Paw, Twisk, & Van, 2007) or other mental health problems with later physical activity is inconclusive.
Pathways linking behavioural and emotional development with physical activity and sedentary time are likely to be complex and may have bidirectional relationships over the life course. Evidence from longitudinal studies starting in early life is lacking and is needed to shed light on pathways linking social and emotional wellbeing in early life and activity (Department of Health, 2011; National Institute for Health and Clinical Excellence, 2008; U.S. Department of Health and Human Services, 2008) .
This paper examines associations between recent parental report of behavioural and emotional development and objective measures of physical activity and sedentary time in seven-year old children living in the United Kingdom (UK), recruited to a longitudinal study in infancy and in whom earlier reports of behavioural and emotional development had also been obtained at ages three and five years. We analysed cross-sectional and distal associations between recent and earlier behavioural and emotional development, and objectively measured activity and sedentariness at age seven years. Based on evidence from existing literature we hypothesised that children with higher recent total difficulties and externalising scores would be less sedentary and more active; that those with higher recent internalising scores would be more sedentary and less active; and that these relationships would also be found when these facets of development were measured earlier and at repeated time-points.
Methods

Participants and procedures
We used data from the Millennium Cohort Study (MCS), a national longitudinal study of the social, economic and health-related circumstances of children living in the UK. Children were recruited between September 2000 and January 2002 when aged nine months (Smith & Joshi, 2002 ) using a disproportionately stratified clustered sampling design to over-represent children living in Wales, Scotland and Northern Ireland, disadvantaged areas and areas with high proportions of ethnic minority groups. The original cohort comprised 18,818 children (an estimated 72% of those approached) whose parents were first interviewed at home when their child was aged nine months (MCS1). Our analyses used data collected at this first survey as well as at subsequent interviews carried out when children were aged three (MCS2), five (MCS3) and seven (MCS4) years. Objective measures of physical activity and sedentary time were made following the interview at age seven. Although further interviews have been carried out at age 11 and 14, these data were not available at the time of this analysis. We obtained the MCS data from the UK Data Service. The MCS was approved by the South West Multi-Centre Research Ethics Committee (MCS1), London Multi-Centre Research Ethics Committee (MCS2 and MCS3) and the Northern and Yorkshire Multi-Centre Research Ethics Committee (MCS4).
physical activity and sedentary time
Physical activity and sedentary time were measured objectively using the Actigraph GT1M accelerometer (Actigraph, Pensacola, Florida), a small and lightweight, non-waterproof device, which was worn on an elastic belt around the child's waist. The Actigraph GT1M has been extensively validated in children and compares favourably against observational techniques (Fairweather, Reilly, Grant, Whittaker & Paton, 1999) , heart rate monitoring (Ott, Pate, Trost, Ward, & Saunders, 2000) , indirect and room calorimetry (Puyau, Adolph, Vohra, & Butte, 2002; Trost et al., 1998) and doubly labelled water techniques (Ekelund, Yngve, Brage, Westerterp, & Sjostrom, 2004) . It has been shown to be robust when used in other largescale physical activity studies in children (Riddoch et al., 2004 (Riddoch et al., , 2007 Troiano et al., 2008) . The units of measurement reported from the accelerometer are called "counts" and these are then summarised by epochs, which in our case spanned 15 seconds.
A total of 13,681 singleton children were interviewed at age seven years in the MCS and invited to participate in the accelerometry study, which took place over a 15-month period between May 2008 and August 2009 after the completion of the MCS4 interviews. Those who consented (12,872; 94.5%) were posted an accelerometer, programmed to collect and aggregate data over 15-second epochs. Participants were instructed to position the monitor on top of their right hip, fitted tightly but comfortably to their body, either on top of indoor clothing or against their skin. They were asked to start wearing their accelerometer the morning after they received it and to continue doing so during waking hours for seven days. They were asked to remove the monitor when bathing or swimming. The accelerometer measurements commenced only after the MCS4 interviews had been initiated, resulting in a median interval of 36 weeks (interquartile range (IQR) 29 -45) between the MCS4 interview and the date accelerometers were worn. Letters reminding participants to wear and return their accelerometer were sent out, as detailed previously .
Accelerometers were returned from 9,772 singleton children (75.9% of those who consented). Data were downloaded using Actigraph software version 3.8.3 (Actigraph, Pensacola, Florida) and processed using the package pawacc (Geraci, 2012; Geraci et al., 2012) for the R statistical computing environment (R Development Core Team, 2014) . Non-wear time was defined as any time period of consecutive zero-counts lasting 20 minutes or more: these periods were removed from the summation of activity. In addition, we removed moderate-to-vigorous physical activity (MVPA) values ≥11715 counts per minute (cpm) from the dataset, based on a reliability study (Rich et al., 2014) that indicated that count values above this threshold were extreme and likely to be spurious. Only days with ten hours or more of recorded time were retained in the dataset, and only participants with at least two such days (week or weekend days) were included in the analyses . The application of these criteria resulted in a sample size of 6,497 singleton children. Reliable accelerometer data were less likely to be acquired from children who were: male; overweight/obese; white, mixed or 'other' ethnicity; living in disadvantaged areas; had less educated mothers and/or lone mothers . However, overall, the differences in demographic characteristics between our analytic sample and the whole cohort sample interviewed at age seven were small .
For each child, mean daily minutes spent in sedentary time (defined as <100 cpm) and in MVPA (2240 to 11715 cpm) were calculated, and both standardised for child's total wear time . The cut-off points used to define the physical intensity thresholds were those determined in a calibration study in children of a similar age (Pulsford et al., 2011) .
Exposure variables: total difficulties, internalising and externalising problems
At ages three, five and seven years, the main respondent (97% were natural mothers at MCS4) completed the Strengths and Difficulties Questionnaire (SDQ), which provides a measure of emotional and behavioural problems in children; this tool has high test-retest reliability and good validity (Goodman, 1997) , and has been used in other large epidemiological studies in this age group (Goodman, Ford, Simmons, Gatward, & Meltzer, 2000; Wiles et al., 2006) .
The SDQ includes 20 items relating to (i) conduct problems, (ii) hyperactivity and inattention problems, (iii) emotional symptoms, and (iv) peerrelationship problems (Figure 1 ). These (i-iv) were summed to create a 'total difficulties' score bounded between 0 and 40, with higher scores indicating more difficulties. In addition, subscales (i) and (ii), and subscales (iii) and (iv) were summed to obtain, respectively, externalising and internalising problem scores, both with maximum conceivable scores of 20; these broader subscales are recommended for analyses in non-clinical populations (Goodman, Lamping, & Ploubidis, 2010) . SDQ total difficulties score, internalising and externalising problem scores were therefore used as exposure variables. Cronbach's alpha coefficients were calculated for these variables at ages three, five and seven years; they were as follows: total difficulties scores (0.76, 0.7 and 0.80, respectively); internalising problem scores (0.58, 0.65, and 0.69); and externalising problem scores (0.77, 0.77, and 0.79). One unit on any of these scores is the equivalent of a difficulty / problem being 'somewhat true' rather than 'not true', or the difference between it being 'certainly true' rather than 'somewhat true'.
Confounding factors
Information on confounding factors was collected from the first four MCS surveys. These included cohort child's ethnicity, prevalence of a longstanding illness (if main respondents reported at least once at MCS2-4 that their child had any illness or disabilities that had troubled them over a period of time) and body mass index (BMI: kg/m 2 ) derived from direct measurement. In addition, we included relative poverty captured at age seven (a binary variable denoting whether net equivalised family income, before housing costs, was below 60% of the national median (Bradshaw & Holmes, 2010) ) and maternal psychological distress, measured using the Kessler-6 scale (Kessler et al., 2002) . In the following, we refer to BMI, relative poverty, and maternal distress as time-varying confounders (i.e., confounders whose values can change over time).
Statistical analyses
Linear regression models were fitted to assess the association between behavioural and emotional development scores and sedentary time or MVPA levels.
Given the non-normality and heteroscedasticity (i.e., non-constant variance) in the error terms, we used median rather than mean regression (Geraci, 2013) . The former leads to valid inference without assuming a specific probability distribution for the error. The interpretation of the median regression coefficients is analogous to that seen in other types of regression analysis, i.e. the 'slope' measures the expected change in the conditional median outcome for a one-unit increase in the corresponding predictor, holding all other variables at any fixed value. Ethnicity, longstanding illness, and relative poverty were entered in the models as categorical variables, with SDQ scores, BMI, and maternal distress entered as continuous variables.
Analyses were stratified by sex given established differences in activity levels between boys and girls in this sample , including gender differences within ethnic group (p < 0.001) and gender differences in children of Pakistani origin as compared to those in White children (p = 0.001). Two types of analyses were performed distinguished by the ages at which the behavioural and emotional development exposure variables (total difficulties, internalising and externalising scores) were measured. In the first set of analyses, the MVPA and sedentary time outcomes were analysed by examining the influence of exposure variables at age seven with and without adjustment for all confounding factors (including time-varying confounders) measured at the same age only. These analyses are approximate cross-sectional analyses due to the interval noted above between the MCS4 interview and the accelerometer measurements.
In the second set of analyses, the MVPA and sedentary time variables were analysed as distal outcomes by examining background effects of the exposure variables at ages three, five and seven, with and without adjustment for all confounding factors (including time-varying confounders). We adopted the parameterisation for distal outcomes outlined by De Stavola et al (De Stavola et al., 2006, equation 5 ) and we defined the following median regression model: (1) where , 2 denotes the exposure measured at age j, a is the model's intercept and the 'slopes' of the model measure (i) the cumulative effect of increasing the exposure at each age by one unit, that is, the sum of all conditional effects / 0 = ( ) + ( * + ( + ; (ii) the effect of increasing the exposure between ages three and five by one unit, with that change shifting the exposure at ages five and seven, which is the sum of the conditional effects / 1 = ( * + ( + ; and (iii) the effect of increasing the exposure between ages five and seven by one unit, with that change shifting the exposure at age seven only, i.e. the conditional effect / ) = ( + . Note that equation (1) is algebraically equivalent to the equation !"# $ = & + ( ) , ) + ( * , * + ( + , + . The latter, however, does not provide a straightforward interpretation from a life-course epidemiology perspective (De Stavola et al., 2006) . In contrast, the parameters / 0 , / 1 , and / ) have a natural interpretation when measurements accumulate monotonically with age (e.g. height, head circumference etc.), in which case changes in the value of the exposure at a particular age imply a shift in the same direction of the exposure at subsequent ages. It should be stressed that lack of monotonicity is by no means a hindrance if the Lucy Griffiths, Marco Geraci, Mario Cortina-Borja, Associations between children's Francesco Sera, Catherine Law, Heather Joshi, Andrew Ness behavioural and emotional development… purpose is estimating trajectories that change direction over time (in this case, a linear combination of / 0 , / 1 , and / ) will be sufficient). We assessed empirically (results not shown) changes in direction of SDQ score trajectories and found that only in about 20% of the cases was an increase (or decrease) between ages three and five followed by a decrease (or increase) between ages five and seven in externalising, internalising or total SDQ scores. The MCS sampling design was accounted for in the estimation (Geraci, 2013) , with probability weights adjusted for the non-response in the MCS1 through MCS4 surveys as well as for the nonresponse in the physical activity survey . Standard errors of quantile regression coefficients were computed using a bootstrap approach based on 100 replications (Geraci, 2013) . Given the presence of missing values, the regression analyses were performed on five imputed datasets. Final estimates and standard errors were then computed according to Rubin's rules. A summary of the missing data as well as the multiple imputation approach are described as follows.
As a result of the data selection procedure, the outcome variables were fully observed. However, exposure variables were not completely observed. In particular, the percentages (out of 6,497 children) of missing values for emotional problems score were 8.5, 4.3, and 1.5% in sweeps MCS2, MCS3 and MCS4, respectively. Similar proportions were observed for conduct problems score (8.4, 4.2, 1.4%), hyperactivity score (9.2, 4.5, 1.6%) and peer relationship problems score (8.9, 4.4, 1.5%). As for time-varying confounders, there were missing values for BMI (17.3, 3.4, 1.0%), relative poverty (17.3, 3.0, < 0.0%), and maternal distress (18, 8.5, 2.8%) (although the proportion of missing values for these variables declined from sweep to sweep, individual patterns of missing values were not monotonic). Longstanding illness was completely observed and ethnicity had only one missing value. Forty percent of children had at least one missing value; 11% had at least five missing values; only 2% had 10 or more missing values. Three children had 22 missing values, which was the maximum number observed.
Under the assumption of missing at random, we carried out a multiple imputation by chained equations (Geraci, 2013) , with five iterations per chain. The matrix feeding into the imputation algorithm consisted of the outcome, the exposure and the confounding variables (26 variables in total), in addition to five auxiliary variables which were: two sampling design variables (probability weights adjusted for non-response and the MCS stratification variable) and SDQ scores for social behaviour (measured at ages three, five and seven). Continuous variables (SDQ scores, BMI, maternal distress) were imputed using quantile regression, while relative poverty was imputed using logistic regression. The only one missing value for ethnicity was imputed using polytomous regression.
The analyses were carried out using the R packages quantreg (Koenker, 2012) , survey (Lumley, 2004; Lumley, 2011) , and mice (Van Buuren & Groothuis-Oudshoorn, 2011). Statistical significance was set at the 5% level.
Results
Subject characteristics
Children were on average aged 7.5 years when they wore the accelerometers. Approximately half the children included in these analyses were girls (n=3321; 51%) and most (88%) were White (table 1). Parents of around one third reported them to have a longstanding illness at least once and one third of families were below the relative poverty threshold, comparable to the MCS4 sample as a whole (29.6%) (Hansen, Jones, Joshi, & Budge, 2010) . The median score for maternal psychological distress was 2. The median score for BMI at age seven was 16.0 (IQR: 15.1 -17.3), which is very close to the BMI presented for children of this age in UK growth charts (Royal College of Paediatrics and Child Health, 2013). 9 (6, 13) 8 (5, 12) 9 (6, 13) Total difficulties (age 5) 6 (4, 10) 6 (3, 9) 7 (4, 11) Total difficulties (age 7) 6 (3, 10) 6 (3, 9) 7 (4, 11) Externalising problems (age 3) 6 (4, 9) 6 (4, 9) 7 (4, 10) Externalising problems (age 5) 4 (2, 7) 4 (2, 6) 5 (3, 7) Externalising problems (age 7) 4 (2, 7) 3 (2, 6) 5 (3, 7) Internalising problems (age 3) 2 (1, 4 
Cross-sectional associations of behavioural and emotional development
The results of the first set of median regression analyses are reported in table 2. The regression coefficients associated with the exposures are expressed in minutes/SDQ-score unit.
Boys with higher total difficulty scores were less sedentary: median daily sedentary time in boys decreased by 1.1 minutes for each unit increase on the total score scale at seven years, (p < 0.001). Thus, for example, the predicted median time spent being sedentary each day was 381.0 minutes for boys with a total score of 7, as opposed to 388.7 minutes for boys with a total score of 0. Boys and girls with higher externalising scores had lower median sedentary time (-2.3 daily minutes/unit score for both boys and girls, p < 0.001). In contrast, girls with higher internalising scores were more sedentary (1.4 daily minutes/unit score, p = 0.01); the median sedentary time each day for girls with an internalising score of 2 is estimated to be 2.8 minutes a day greater relative to those with zero scores, a predicted median time of 402.5 compared with 399.7 minutes.
Boys and girls with higher externalising scores engaged in slightly more MVPA (0.4 daily minutes/unit score, p = 0.025; 0.5 minutes/unit score, p = 0.005, respectively) but this association was not seen for total difficulties scores. Conversely, boys, but not girls, with higher internalising scores had lower median MVPA (-0.7 daily minutes/unit score, p = 0.029). (table 3) . Increasing total difficulties scores at all ages were associated with a reduction in median sedentary time; the cumulative effects were of similar magnitude in boys (-1.1 minutes/unit score, p = 0.01) and girls (-1.2, p = 0.03). Similarly, boys experienced a reduction in median sedentary time for a change in total difficulties score between ages five and seven (-1.2, p < 0.001). A one unit increase in externalising problem scores at all ages was associated with 2.5 fewer minutes in median sedentary time for boys (p < 0.001) and 3.3 fewer minutes for girls (p < 0.001). This diminution in sedentary time was also seen in relation to increasing externalising problem scores for both boys and girls between the ages of three and five (-2.0 minutes/unit score for boys (p = 0.002) and -2.4 daily minutes/unit score for girls (p = 0.001)), but in boys only for increasing externalising problem scores between ages five and seven (-2.0 daily minutes/unit score, p = 0.001). In contrast, an association between increasing internalising problem scores and sedentary time was only observed in girls: a one unit increase in internalising scores at all ages, and between ages five and seven, was associated with an increase of 1.8 minutes (p =0.034) and 1.6 minutes (p = 0.029), respectively, in median sedentary time at age seven.
No substantial association was observed between total difficulty scores and MVPA in these analyses (table 3) . However, a small increase in median MVPA time with increasing externalising problems at all ages was seen in boys (0.9, p = 0.001) and girls (0.6, p = 0.006). Increasing the score of internalising problems in boys by one unit between ages three and five was associated with a decrease of 1.0 minute (p = 0.001) in daily MVPA at age seven. 
Discussion
Summary of main findings
We have identified modest associations of behavioural and emotional development with sedentary time in primary (elementary) school-aged children, and weaker and less consistent associations with physical activity, as assessed by MVPA. In cross-sectional analyses at age seven, boys with higher total difficulties scores were less sedentary but not more likely to engage in MVPA. Both boys and girls with higher externalising scores were less likely to be sedentary and more likely to engage in MVPA. Girls with higher internalising scores were more sedentary but not less active, and boys less active but not more sedentary.
Median regression models parameterised according to the life-course approach described in De Stavola et al (2006) allowed estimation of associations between increasing problem scores through early childhood on MVPA and sedentary time measured at age seven. We observed a reduction in sedentary time at age seven in both boys and girls with more total difficulties and more externalising problems. Associations between internalising problems and sedentary time were not found in boys, although in girls higher scores during early-childhood were in general associated with greater sedentariness at age seven. There were positive associations in both boys and girls between time in MVPA and the externalising problem scores. Finally, boys with rising internalising problem scores between ages three and five years were less active at seven years.
Comparisons with other evidence
Comparison with previously published studies is limited by a lack of consistency between measures used to assess behavioural and emotional development, as well as a paucity of studies using objective measures of MVPA and/or sedentary time. Furthermore, few studies have examined associations between these factors in primary school aged children, an age when between child variation in activity and sedentariness has been documented. We have not identified any studies with repeat measures of behavioural and emotional development in the preschool years: examination of associations with activity and sedentary time using longitudinal measures of child behavioural and emotional development is -to our knowledgenovel. This study used SDQ scores as continuous variables instead of using bands to identify children with disorders; this enabled us to investigate associations with the normal spectrum of scores.
Of the available evidence, depression, an internalising problem, has been found to negatively influence activity levels during adolescence (Stavrakakis et al., 2012) , supporting our findings in boys. Evidence from cross-sectional studies is more plentiful but such a study design does limit inferences about causality, or the direction of the effects, to be made. Findings from other studies are however generally in agreement with those reported here, notwithstanding methodological differences or differences in the populations studied. Active adolescents are reported to have fewer emotional, behavioural or social problems (Kantomaa, Tammelin, Ebeling, & Taanila, 2008; Kirkcaldy, Shephard, & Siefen, 2002) , fewer total difficulties (Ussher et al., 2007) and fewer depressive symptoms (Motl, Birnbaum, Kubik, & Dishman, 2004) . Sebire et al. (2011) reported that higher objectively-measured physical activity levels were related to more conduct problems, also measured using the SDQ, and support our results. Gosmann et al. (2015) reported that Brazilian youth with internalising disorders were less active (lower levels of daily energy expenditure), whilst those with externalising disorders had more energy expenditure variability. Similarly, poor emotional wellbeing and difficulties with peers have been found to be associated with more self-reported sedentariness in British youth aged 11 to 12 years (Brodersen et al., 2005) , whilst more conduct and hyperactivity problems were associated with higher activity levels. van Egmond-Fröhlich et al. (2012) also found that youth with SDQ-assessed externalising disorders had higher self-reported levels of physical activity. In contrast to our findings, Khalife et al. (2014) reported that children with conduct problems or symptoms of attentiondeficit/hyperactivity disorder (ADHD) were at increased risk of becoming physically inactive adolescents. This discordance with our findings may be explained by the younger age of our sample or Khalife et al.'s use of self-reported activity levels.
Study strengths and weaknesses
Our study has several methodological strengths. These include longitudinal prospective data based on a large, contemporary and nationally representative sample of children. We stratified Lucy Griffiths, Marco Geraci, Mario Cortina-Borja, Associations between children's Francesco Sera, Catherine Law, Heather Joshi, Andrew Ness behavioural and emotional development… analyses by sex and examined cross-sectional and distal effects of behavioural and emotional development during early childhood, using the SDQ which has been shown to be a reliable measure of mental health in young people (Goodman & Goodman, 2011) . We recognise that parental recognition and report of problems, especially internalising ones, can be difficult; however, we hope that the use of the broader externalising and internalising subscales in this study, instead of the four individual SDQ subscales, may have reduced measurement error in our exposure variables as they are based on a larger number of SDQ items (Goodman et al., 2010) . We used objective measures of MVPA and sedentary time, which while overcoming the limitations of child or parental report, may underestimate activities not involving vertical movement of the trunk (such as cycling). We also acknowledge that the children in this study were only asked to wear the accelerometer for a single week. If the week had been abnormal for the child in terms of usual activities undertaken, under-or overestimation of activity levels or sedentary time may have occurred and influenced the effect sizes. However, inclusion of children with data for ≥ two days, lasting ≥10 hours/day, is considered to provide a reliable estimate of habitual physical activity in large-scale epidemiological studies ). Whilst we also used validated cut-off points to define the physical intensity thresholds (Pulsford et al., 2011) , misclassification may have occurred for children with high externalising problem scores if their scores were affected by marked symptoms of hyperactivity, such as fidgeting and troubles with sitting still. We suspect that fidgeting while seated would not be extensively misclassified as MVPA, but excess movement may have reduced the time registered as sedentary, which is a possible study limitation.
We have not been able to examine trajectories of activity and sedentary time concurrently with behavioural and emotional development trajectories since objective measures with accelerometers were only obtained once at age seven; we were therefore also unable to control for activity levels at the earlier ages.
We have adjusted for a range of confounding factors collected prospectively through early childhood and prior to measurement of the outcome, although we acknowledge that the possibility of residual confounding remains. As there was an interval between the interview at MCS4 and accelerometer measurements, the associations reported here are not truly crosssectional. However the exposure and confounding factors were always measured before the outcome thus providing some support for a causal association.
Our statistical analyses allow inferences to be made to all UK children by using survey weights to adjust for non-response in the MCS surveys as well as the physical activity survey. We fitted median regression models to allow for non-normality in the distribution of daily minutes of sedentary time and MVPA. Finally, we accounted for missing values using multiple imputation under missing-at-random assumptions -this method performs better in terms of bias reduction than other ad hoc procedures, even when data are missing not at random (i.e., non-ignorable or informative missing) (Catellier et al., 2005) .
Implications of this research for policy and research
Our study has identified weak but consistent associations at a population level between behavioural and emotional development in primary school aged children and sedentary time and, to a lesser extent, with MVPA. Different patterns were also observed between boys and girls and for internalising and externalising scores. Identifying these at-risk groups, and the mechanisms underlying these relationships, has relevance for policies that aim to increase activity levels and decrease sedentariness in our youth (Department of Health, 2011; U.S. Department of Health and Human Services, 2008) . For example, social intervention programs designed to prevent or treat internalising problems, like therapeutic approaches for emotional symptoms such as unhappiness or nervousness and coping-skills training for children who may experience bullying, may help to reduce sedentariness in young girls by reducing withdrawal from social activities.
Our findings are consistent with Brodersen et al.'s (2005) proposition that physical activity may be an outlet for children with behavioural (externalising) problems. These problems are therefore not detrimental to activity levels per se, although their energetic nature may be developmentally and socially challenging. 
